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osteoarthritis,	 suggesting	 that	 iron	 was	 present	 and	 responsible	 for	 the	 effects.	
Histological	analysis	of	cartilage	confirmed	iron	deposition	within	chondrocytes,	as-
sociated	with	low	UTE‐T2*	values.
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1  | INTRODUC TION
Arthropathy	 caused	 by	 frequent	 spontaneous	 joint	 bleeding	 is	 a	
progressive	and	debilitating	co‐morbidity	in	haemophilia.1	The	most	
salient	features	of	haemophilic	arthropathy	are	intra‐	and	periartic-






mophilia	mouse	 and	 dog	models,	 the	 concept	 has	 emerged	 that	
iron	released	from	red	cells	and	subsequently	stored	as	hemosid-
erin	 in	 articular	 soft	 tissues	 creates	 a	 ‘toxic’	 environment.9	 As	 a	
consequence,	 dysregulation	 of	 joint	 tissue	 metabolism,	 synovial	






using	 conventional	 and	quantitative	ultrashort	 time‐to‐echo	 (UTE)	








2  | MATERIAL S AND METHODS




tively),	 age	 21	 years	 and	 older	 (n	 =	 23),	 and	 seen	 consecutively	














The	 study	 protocol,	 data	 acquisition	 and	 patient	 confidentiality	


















matrix,	 14‐cm	 field	 of	 view,	 and	 1	 signal	 average),	 axial	 FSE	 T1‐
weighted	(650/10	ms;	echo‐train	length	of	4;	4‐mm	slice	thickness;	
0.5‐mm	interslice	gap;	320	×	288	matrix;	14‐cm	field	of	view;	and	1	









2.3 | Image interpretation and data analysis
The	International	Prophylaxis	Study	Group	(IPSG)	MRI	score10	was	
applied	 by	 a	 fellowship‐trained,	 musculoskeletal	 radiologist	 with	
6	years	of	experience	and	a	 fourth‐year	 radiology	 resident.	Both	
were	blinded	to	each	other's	scores	as	well	as	clinical	scores.	The	
soft	 tissue	 domain,	 composed	 of	 effusion/hemarthrosis,	 synovial	
hypertrophy	and	hemosiderin,	has	a	maximum	score	of	9.	The	os-
teochondral	 domain,	 composed	 of	 surface	 erosions,	 subchondral	
cysts	 and	 cartilage	 degradation,	 has	 a	maximum	 score	 of	 8.	 The	
IPSG	MRI	score	has	a	maximum	combined	score	of	17.	The	pres-
ence	 and	 extent	 of	 hemosiderin	 deposition	 were	 determined	 by	
evaluating	 the	multi‐echo	UTE	 sequence,	with	 special	 considera-
tion	 to	 avoid	misinterpreting	 as	 hemosiderin	 chemical	 shift	 arte-
facts	of	the	second	kind	for	voxels	containing	both	fat	and	water	
on	out‐of‐phase	TEs.13
Using	 the	 sagittal	 multi‐echo	 UTE	 images,	 a	 slice	 extending	
through	 the	 centre	 of	 each	 articulation	was	 selected,	 and	 regions	
of	 interest	 (ROIs)	 were	 carefully	 placed	 on	 the	midportion	 of	 the	






a	 Levenberg‐Marquardt	 fitting	 algorithm	 developed	 in‐house	 in	
MATLAB	(The	Mathworks	Inc).








of	 ferric	 ions	 in	 the	acid	demineralization	 solution.	Decalcification	



























0‐16).	When	 the	 IPSG	MRI	 score	was	divided	 into	 soft	 tissue	 and	
osteochondral	domains,	the	mean	scores	were	3.2	(SDE	2.0,	range	
0‐8)	and	7.0	(SDE	2.4,	range	0‐8),	respectively.
3.2 | Relationships between IPSG MRI scores, 
pain and HJHS
There	 were	 no	 significant	 correlations	 between	 VAS	 pain	 scores	
and	HJHSs	with	 the	MRI	 IPSG	 scores,	 either	 total	 or	 divided	 into	






3.3 | Quantification of iron in cartilage by MRI T2* 
relaxation and the relation to HJHS
Most	elbows	exhibited	severe	osteochondral	wear	with	little	or	no	
cartilage	 left	 for	quantitative	MRI	analysis.	Therefore,	 iron	quanti-
fication	 in	 cartilage	 was	 only	 performed	 on	 weight‐bearing	 joints	
(knee	 and	 ankles,	 n	 =	 16)	 and	 revealed	 a	wide	 distribution	of	 T2*	
values,	with	a	mean	T2*	relaxation	time	of	9.2	ms	(range	3.0‐14.6	ms)	




degree	 of	 clinical	 and	 imaging‐based	 arthropathic	 joint	 changes.	
When	subdivided	 into	osteochondral	 and	 soft	 tissue	domains,	 the	
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MRI	soft	tissue	score	also	correlated	negatively	(rs	=	−0.46,	P	=	0.076)	

















4  | DISCUSSION AND CONCLUSION
Quantitative	 MRI	 has	 been	 widely	 implemented	 for	 non‐invasive	
evaluation	 of	 hyaline	 articular	 cartilage.14	 Several	 studies	 have	




cently,	 investigators	 have	 demonstrated	 that	 T2*,	 as	measured	 by	
a	multi‐echo	UTE	technique	similar	 to	 that	used	 in	 this	study,	was	
significantly	 elevated	 in	 cartilage	 of	 injured	 knees	 compared	with	
uninjured	controls.19,20	Based	on	these	results	from	studies	in	non‐
haemophilic	populations	with	injury	or	osteoarthritis,	we	expected	
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Iron	deposition	in	chondrocytes	of	deteriorating	cartilage	in	hu-
mans	was	described	decades	ago	in	several	case	series	of	patients	
with	 hemochromatosis.22-24	 However,	 not	 all	 studies	 analysing	 ar-
thritic	joints	of	patients	with	hemochromatosis	have	identified	iron	
in	cartilage	while	synovial	iron	was	readily	detectable.23,25,26	It	has	
been	 suggested	 that	 the	 paucity	 of	 observations	 of	 iron	 in	 carti-
lage	may	be	due	to	the	 lack	of	sensitivity	of	osteochondral	 iron	to	
usual	 iron	 stains	 (such	as	Prussian	blue/Perls’	 stain)	 in	histological	
examinations,	since	iron	particles	are	small	(0.25‐0.5	μ)	and	may	be	
beyond	microscopic	resolution,	or	 to	the	 loss	of	 iron	due	to	acidic	
fixation	 and	 decalcification	 techniques	 of	 joint	 tissue.22	 This	 has	
been	elucidated	by	Ghadially	et	al22	where	iron	detection	with	light	
microscopy	 after	 Prussian	 Blue/Perls’	 staining	 was	 compared	 to	
electron	probe	X‐ray	analysis	of	articular	cartilage	of	 rabbits	after	
induced	 chronic	 hemarthrosis.	 In	 keeping	 with	 this	 observation,	
abundant	 synovial	 hemosiderin	 has	 been	 reported	 in	 haemophilic	
joints,	whereas	cartilage	iron	deposition	has	only	been	described	in	
one	case	by	light	microscopy.27,28To	our	knowledge,	there	is	only	one	










To	date,	 there	 is	no	knowledge	about	 the	extent	of	 iron	accu-
mulation	in	cartilage	of	haemophilic	joints	in	relation	to	joint	status,	
function	or	dynamics	of	joint	deterioration.
Somewhat	 surprisingly,	 observations	 from	 this	 study	 demon-









perception	 and	 functional	 mobility.	 In	 aggregate,	 these	 observa-





























quantification	 is	 only	 possible	 in	 a	 semi‐quantitative	 fashion,10,32 
which	lacks	sensitivity	for	dynamic,	incremental	measurements.
MRI	T2*	has	been	performed	previously	 to	quantify	 iron	 load-
ing	of	solid	organs	(liver	and	heart)	 in	iron	overload	disorders	such	













and	 (b)	 gene	 therapies	 on	 the	 horizon	 with	 anticipated	 constant	
elevation	 of	 plasma	 factor	 activity	 levels.41	 Since	 these	 new	 ther-
apies	mitigate	 or	 abrogate	 the	 fluctuations	 between	 plasma	 peak	
and	 trough	 clotting	 factor	 activity	 levels,	 correction	 of	 subclinical	
bleeding	 (rather	 than	 overt	 clinical	 bleeding)	 and	 appropriate	 iron	
clearance	from	the	joint	is	important.	It	is	in	this	arena	that	hemosid-
erin	quantitation	in	joints	could	become	a	valuable	assessment	tool	





strategies,	 and/or	 adjustments	with	 respect	 to	 dosing	 and/or	 fre-
quency	of	drug	administration.
In	summary,	it	appears	important	to	recognize	that	hemosiderin	
accumulation	occurs	 not	 only	 in	 synovium,	 but	 also	 in	 cartilage,	 a	
fact	 that	 may	 be	 generally	 underappreciated	 in	 haemophilia	 care	
due	to	difficult	histological	detection	by	conventional	 iron	staining	
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methods.	 Since	 findings	 from	our	 study	 revealed	 that	 the	 amount	
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